Thrombin-antithrombin III complex (TAT) concentration was measured in 27 control and 155 intensive care patients to (a) establish normal reference ranges, (b) measure thrombin generation in critically ill patients, and (c) determine the characteristics of the TAT assay for the diagnosis of disseminated intravascular coagulation (DIC) in children.
The normal reference range was [tg/l (median [2] [3] ,ug/l), and 89-7% of patients had raised TAT concentrations. Median TAT concentrations in the presence of DIC (27 ,ug/l) were significantly higher than in its absence (8 [tg/l). Sensitivity, specificity, and positive and negative predictive values of the assay were 97-3%, 28-3%, 76-3%, and 81*3%, respectively, at a cut off of 4 ig/l.
Excess thrombin production occurs in the majority of critically ill children. The TAT assay is potentially useful in the diagnosis of DIC in children.
Patients and methods

PATIENTS
A prospective study was made of 155 children admitted consecutively to our intensive care unit, and 27 healthy children having elective minor surgery (for example, circumcision) acted as controls. In the first 19 patients paired samples were collected to test the variations in TAT concentrations with two commonly used anticoagulants. The study was approved by the hospital ethics committee.
BLOOD COLLECTION
Samples were collected by direct venepuncture as soon as possible after admission before the administration of blood or blood products. Blood was collected in standard 2 ml coagulation tubes (Teklab) containing 0-11 M trisodium citrate (nine parts blood to one part citrate). For paired samples, additional 2 ml bottles (Sarstedt) containing solid dipotassium EDTA (1-6 mg/ml of blood) were used. Low grade generation of thrombin is a normal phenomenon in children and we were able to establish a normal reference range of [ig/l. This is very similar to the normal adult reference range quoted by the manufacturers although concentrations of 0-85-3-2 ig/l and 2 1-9-9 ,ug/l have been recorded by Pelzer et al7and Boisclair et al, 2' respectively, in healthy adults.
Excessive thrombin generation was present in as many as 90% of critically ill children with a variety of underlying disorders, indicating an underlying prethrombotic state. The sample of children in this study was representative of the population admitted annually to our paediatric intensive care unit and included two groups (viral infections and bacterial infections without septicaemia) not previously shown to be associated with raised TAT concentrations. The action of thromboplastins generated by trauma, shock, hypoxia, burns, or sepsis potentiates this prethrombotic state, and together with the reticuloendothelial blockade which is common in critically ill children makes the triggering of DIC particularly likely.22 This was confirmed by the high incidence (71%) of DIC in these children.
As expected, median TAT concentrations were significantly higher in the presence of DIC than in its absence, all but three of the 110 children (97 3%) with DIC in our study having raised TAT concentrations. The incidence of raised TAT concentrations in adults with DIC has been variably reported between 61% and 97%2 6 21 The sensitivity of TAT for the diagnosis of DIC has ranged from 80% to 96-7% and the specificity from 390/o to 63% in adult studies,2 6 explained in part by the different diagnostic criteria used for defining DIC and different cut offs of TAT employed. We selected our criteria to include cases of low grade DIC. Using our criteria, the specificity of the assay at a cut off of 4 ,ug/l was low (28-3%), although the sensitivity was high (97-3%). Because critically ill children produce excess thrombin even when DIC is not present, a higher cut off (10 ,ug/l) may be more appropriate in children. At this level, even though there is some loss of sensitivity, the specificity and the positive predictive value (which indicates the degree of confidence in the diagnosis based on a positive assay result) are considerably improved.
The correlation ofTAT with other coagulation parameters reflects the high incidence of DIG in our patients, but we found a much weaker correlation with D-dimers than previously reported in adult studies,2' either because complete neutralisation ofthrombin by antithrombin III had taken place or fibrinolysis, being a later event had not yet occurred. Our study was confined to single samples taken soon after admission. This may not be optimal, and some cases of developing DIC may have been missed. Estimating TAT on serial samples may be more useful both in detecting these cases and in monitoring the efficacy of treatment of DIC; TAT concentrations would be expected to fall as clinical improvement took place. Our study confirms that as in adults, the TAT assay is potentially useful in the diagnosis of DIC in children. Its role in monitoring the treatment of DIC needs to be further evaluated.
